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Samples removed from LDEF-1 are being studied at various
laboratories to determine the specific activity(pCi/kg) produced in
orbit by exposure to protons and neutrons in near-Earth orbit. These
activities are being corrected for efficiency, self-attenuation, and
background. The activities and associated gamma-ray spectra are
being collected, analyzed, documented and reviewed by faculty and
graduate students at Eastern Kentucky University. The currently
available activation results have been tabulated and reviewed in this
report. Approximately 500 spectra have been accumulated for
future archival and analysis. The effect of the changing satellite
orbit on the activation is reported herein and was calculated using
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Since retrieval in January, 1990, almost 400 samples from the
LDEF-1 spacecraft have been studied to ascertain the activation
induced by exposure to the radiation environment of space. These
samples have been studied with low-background gamma-ray
spectrometers at Marshall Space Flight Center (MSFC) and at seven
other counting laboratories to carefully measure specific
activities(activity per unit mass). Eastern Kentucky University (EKU)
has been active in providing analytical support to these laboratories
and in the interpretation of the resulting activities. National
Aeronautics and Space Administration(NASA) Contract #H-08071D
provided funding for the EKU participation as a continuation and
expansion of the studies previously supported by contracts NAS8-
35180 and NAS8-36642. Specifically, NASA contract #H-08071D
required the following statement of work:
The contractor shall perform the following studies and provide
calculations related to the induced radioactivity of metal samples
returned from the LDEF-1 mission.
1. Using gamma-ray spectra obtained post-flight from LDEF
samples at the counting laboratories, derive net activities due to
radioisotopes detected in the samples. Corrections for geometry,
self-absorption, detector efficiency and background shall be made.
Uncertainties of the net rate due to counting statistics and
experimental errors shall be estimated. Quarterly progress reports
and a copy of the final report will be required to be delivered to the
addresses indicated in Attachment J-2 of the Purchase Order.
2. The saturation activity, averaged over the mission, shall be
determined for each radioisotope, measured in disintegrations per
second per kilogram of material for selected samples.
3. Using experimentally-determined activation cross sections
estimates shall be made of the fluxes of activating protons and
neutrons, averaged over the mission lifetime at various locations
within the LDEF spacecraft.
In fulfillment of this statement of work, this report includes:
1. a tabulation of the specific activities measured from samples
sent to Lawrence Berkeley Laboratory(LBL), Los Alamos National
Laboratory(LANL), Lawrence Livermore Laboratory(LLL), Savannah
River Laboratory(SRL), the Tennessee Valley Authority Western
Area Radiological Laboratory(TVA), and Battelle Memorial Institute
Pacific Northwest Laboratory(PNWL). These activities have been
corrected for geometry, efficiency, self absorption and background.
They are decay corrected to the designated retrieval date of January
20, 1990. The associated errors are given. The principal investigator
is uncertain as to whether or not the specific activities from TVA
include the attenuation corrections. Specific activities and spectra
have not been received for samples studied at Johnson Space
Center(JSC). Spectra have not been received from TVA, LBL, PNWL,
and LANL. Also, the results from PNWL are not complete.
2. an initial tabulation of the specific activities resulting from
the analysis of gamma-ray spectra taken at MSFC. These results are
corrected for geometry, efficiency, self absorption and background
and are decay corrected to 1/20/90. This tabulation has been sent to
Alan Harmon at MSFC for his evaluation and response.
3. the expected activation for the LDEF samples calculated using
the proton fluxes supplied by John Watt of MSFC for an orbit with a
28.5 ° inclination at an altitude of 172 nautical miles during a period
of maximum solar activity. This, coupled with previous
calculation l, 2, gives an estimated range of saturation activities for the
LDEF samples. However, a better estimation of the activation
requires a more careful calculation using proton fluxes appropriate to
the rapidly decaying orbit of LDEF and the change over the mission
from a period of minimum to one of maximum solar activity.
4. the expected activation at 172 nautical miles (nmi)
calculated using new estimates of the proton and neutron fluxes
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encountered by LDEF. However, more accurate flux estimates
require activation calculations taking into account the changing
orbital altitude and the changing solar activity as mentioned in (3)
above.
The results presented in this report are limited by the
incomplete nature of the reports of sample activities measured at the
counting laboratories. As of June 21, 1992, extensive reports of
specific activities have been received only from LLNL, SRL, LANL,
and LBL. Analysis of the MSFC data is nearing completion, but
we(EKU) have received neither specific activities nor gamma-ray
spectra from PNWL, JSC, or TVA. Except for the MSFC specific
activities, the compiled results a,ill be discussed in the following
sections.
As was the case with the report on NASA Contract # NAS8-
36649, a peripheral result of this study has been the interaction with
university students and with a neighboring institution. Over the
past year four graduate students and two undergraduates have
participated in this project. Also, the principal investigator gave a
presentation at Western Kentucky University describing the LDEF-1
induced-activation study.
I. TABULATED SPECIFIC ACTIVITIES
The scientific investigator and the associated laboratory
participating in the sample counting are listed in Table 1. The
tabulated specific activities with associated error from those
laboratories that have submitted them to EKU are listed in Table 2.
Results from MSFC are not included because the final results from
the EKU analysis of the spectra have to be reviewed by Dr. Alan
Harmon. Some of these analytical results have been reported
elsewhere(ref. 3-5).
Figures 1-10 gives graphical representations of this data for
comparison. Figure 1 shows a composite of the specific activations
with associated errors for the LH trunnion as a function of depth
along the axis of the trunnion. The legend identifies the scientific
investigator for the data points. Because the data is not currently
available, direct comparisons for a specific section are not given.
However, indications of the expected trend of decreasing activation
down the length of the trunnion are evident. Considerable
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nonstatistical fluctuations from this trend are seen not only among
the data from different laboratories but also from within one data
set(Camp/McLean). These variations should be given further study
in consultation with the scientific investigators.
Figure 2 shows the consistency of the activation for several
layers of the LHD trunnion section(earth end) independently
measured by Moss and Reedy at LANL. Figure 3 shows that the
activation on the two sides of a trunnion section are different as
would be expected if there was a larger flux of incident particles on
one side than on the other, or a diminution of the flux by passage
through the section. Figure 4 shows the decreasing activation of a
trunnion layer as a function of the radial distance into the RHG
section, and also indicates that there is a greater incident flux on the
earth(ER) side than on the space(SP). Figure 5 gives the same
activation as a function of depth as in figure 4 for the south(S) and
earth(E) except for the RHD section. Figure 6 is similar to fig. 3
except for the space end(SP) of RHG.
Figures 7-10 show the specific activities reported reported by
Moss and Reedy at LANk These two investigators performed
essentially independent gamma-ray counting although there was
some consultation concerning consistency of the results. Their final
results are very consistent although the stated errors are quite large;
especially for the first layer studied, layer 2. This data shows that
the activation for the space end of both RHD and LHD is consistently
smaller than for the earth end. Weighed averaging of these results
would significantly reduce the associated error.
II. PROTON FLUX VARIATION AND PREDICTED ACTIVATION
During the sixty-eight months that LDEF-1 was in orbit,
significant changes occurred in the flux of protons encountered in the
region of the Van Allen Belt known as the South Atlantic Anomaly.
These changes were caused by two factors. First, the original 258 nm
orbit decreased at an accelerating rate reaching an altitude of 172
nm at retrieval. Second, around day 1400 in the mission a period of
minimum solar activity ended and a period of maximum activity
began. The subsequent swelling of the atmosphere of the earth
caused a greater resistance to the motion of LDEF-1 and a greater
4
atmospheric interaction with Van Alien Belt protons. The net results
of these processes was a decrease in proton flux encountered by the
spacecraft. Figure 10 shows the flux of 50 MeV protons as a function
of time in orbit taking into account the solar effects listed above 6.
Figure 11 shows the associated production of 54Mn. Clearly evident
in these plots are the significant changes in the production rate of
spacecraft material.
The effect of this dropping production rate on the final specific
activity of LDEF-1 materials is very profound. If the fluxes had been
constant, then many isotopes with half-lives of less than about one or
two years would have neared saturation by the time of retrieval.
This saturated activity would have been closely associated v_ith the
flux (the number and energy) of activating particles. However, the
final specific activities are strongly dependent on the rate of flux
decrease with time at all energies. Predicting the expected
activation, or determining the flux of activating particles, for LDEF-1
will require a detailed calculation which includes the accumulated
daily activation and the decay of the calculated activity from each
day until the day of retrieval.
Table 3 gives a summary of the expected activation on the day
of retrieval. The fluxes are those supplied by Watts 6 for the 172 nm
orbit of LDEF-1 in January, 1990. The cross sections for nuclear
reactions are the same as in refs. 1 and 2.
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TABLE OF NUCLIDES MEASUREMENTS
TITLE: LDEF FILE FROM: CAMP/McLEAN
SAMPLES(NO.) 88.916-D1 88-916-D2 88-916-D3


























TI-g20-FG 1 TI-g16-AG2 88-920-D2 B8-920-D3 TI-920-FG1 TI-916-AG2
(281L01) (281W01) (277W01) (277L01) (281L01) (281W01)
NA-22
AU-X 61.84 (44.2%) 61.84 (44,2%)
RA-226 44.54(19.2%) 12.66(49.1%) 44.54(19.2%) 2.66(49.1%)
TH-228 52.31 (43.8%) 52.31 (43.8%)
U-235 328.9(3.7%) 383.6(4.0%) 328.9(3.7%) 383.6(4.0%)
PI_X 1394(21.2%) 1006(20.9%)
BI-207 4.980(20.7%)
CE-141 13.8(28.5%) 150.0(28.1%) 113.8(28.5%) 150,0(28.1%)
EU-450 4.025(55. I%) 4.025(55.1%)
LU-173 181.2(13.4%) 431.7(4.3%) 181.2(13.4%) 431.7(4.3%)
W-188 1845(15.1%) 12694(12.7%) 1845(15.1%) 2694(12.7%)
74.11(21.4%) 86.70(37.7%)L_X 74.11(21.4%) 186.70(37.7%)
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1.MN-54 AND CO-57: ACTIVITIES IN THE TRUNNION LAYERS



























FILE FROM: LOS ALAMOS/MOSS&REEDY DATE: 2-8 JUNE 1991
ACTIVITIES IN THE TRUNNION LAYERS(PCi/kg)
SAMPLE MN-54 CO-57
33%&54% 80% 33%&54% 80%













































































































Activity in Aluminum Samples
Sample Na-22 Activity (pCi/kg)
ESR3 103 +/- 17
ESR6 113 +/- 19
ESR 7 114 +/- 25
ESR 8 122 +/- 29
ESR9 117 +/- 18
KP 1 135 +/- 18
KP 12 140 +/- 17
Activity in Titanium Alloy Samples
Sample Activity (pCi/kg)
Na-22 Sc-46
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A--LABEL FACING AWAY FROM DETECTOR
B--LABEL FACING DETECTOR
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21.75(31.4°/°)
C--WEIGHTED AVERAGE OF (A,B)-(1/)-WEIGHTED





































TABLE OF NUCIDES MEASUREMENTS DATE:JAN.20,90













































A--LABEL FACING AWAY FROM DETECTOR
B--LABEL FACING DETECTOR
C--WEIGHTED AVERAGE OF (A,B)-(1/)-WEIGHTED


























































































Isolopic Aclivilies in pCi/k 9 Sample
Willard G. Winn Trunnion Disk Results
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File From: Jim Reaves
Battelle/ Pacific Northwestern Labs
Sample I.D.
G12-A-1-F-N
I-H12 (A & B)
I-C9
Co 60 foil
31.5% Detector Nal(TL) Detector
22.1 +/- .9 28.4 +/-.9
167 +/- 5 173 +/- 3.5



































































































































V #4 [ Sc-46
Activity (pCi/kg)
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Figure 2. LHD Trunnion Layers (Earth End)

















































Figure :3. RHG Trunnion Layers(Earth End) Counted
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